The characteristics of rhizosphere microbial community across different cultivation years (from 1, 3, 5, 15, 20 and 50 years) in saline-alkaline paddy soil in Songnen Plain of China were investigated based on sequence variation of 16SrDNA using Illumina MiSeq sequencing. The results showed that the microbial community diversity varied across cultivation years, showing higher diversity in cultivation years Y>15 than in Y<15. The rhizosphere dominant microbial community was mainly composed of Proteobacteria, Acidobacteria, Firmicutes and Bacteroidetes. Furthermore, soil microbial diversity appeared to be affected directly by changes of soil properties corresponding to cultivated years. Diversity of Proteobacteria decreased as cultivated years increase, however that of Acidobacteria showed the opposite direction. In addition, the soil microbial communities were clustered into two main groups, one from the sites of Y<15, and the other from the sites of Y>15. The abundance of nitrogen-fixing microorganisms in the soil sample was significantly higher in Y<15 than in Y>15 (P<0.05).
). The alkalinity of it is mainly controlled by Na 2 CO 3 and NaHCO 3 (Feng and Zhang et al. 2007) , and soil pH is typically above 8.5, even reaching to 9.0-10.5 in heavily saline alkaline land (Liang and Wang et al. 2008) . However, some researches and instances showed that planting paddy in saline-alkaline land is one of the best ways to improve saline-alkaline soil, which can form "desalinated surfaces" (Lanpo. 2012 ) and leads to change in the physical and chemical properties of soil (Liang and Ren-Kou. 2010 ). The halotolerant and halophilic bacteria dominant gene was identified from Staphylococcus isolated from saline-alkaline soil in Songnen Plain (Pan and Huang et al. 2012) . At present, the research on soda-saline-alkaline soil is mainly focused on the improvement of saline-alkaline soil, but there is little research on bacterial community structure and diversity of paddy soil in Songnen Plain.
It has been shown that soil microorganisms play important roles in soil structure and fertility as they regulate carbon and nitrogen cycling, provide nutrients to plants (Vilà and Espinar et al. 2011) . Many biotic and abiotic factors may alter the microbial community, which may in turn directly or indirectly influence the soil ecosystem (Lavecchia and Curci et al. 2015, Rodrigues and Pineda et al. 2015) . In addition, it has shown that climate change and human disturbance effect on microbial diversity, such as environmental stress (Gordon and Haygarth et al. 2008) , invasive species (Fitoussi and Penmouratov et al. 2016) , and fertilization methods (Wu and Li. 2016) . The microbial diversity decreases with the altitude increase and soil deepening (Wu and Lin et al. 2013) . Current farming practices, especially including crop rotation under continuous cultivation, typically lead to a reduction in the microbial diversity in soil (Ng and Hollister et al. 2012 ). Different fertilization methods will directly or indirectly influence soil biological communities (Sapp and Harrison et al. 2014) .
What is more, the diversity and growth of microorganisms in agricultural soil can be influenced by fertilization (Murase and Hida et al. 2015) . Previous studies have indicated that a long-term fertilizer could have significant influence on community structure as well as the D r a f t 4 function of soil microorganisms (Cinnadurai and Gopalaswamy et al. 2013) . A long-term (13 years) application of inorganic fertilizers on paddy soil resulted in that the biomass and functional diversity of the microbial community in an eroded red soil have steadily but significantly increased (Zhong and Cai. 2007 ). This finding is also consistent with other studies that long-term fertilizer strongly favors the accumulation of bacterial residues and increases soil microbial biomass (Rainergeorg and Paul et al. 2010, Murugan and Kumar. 2013 ). In the long term, repeated fertilization may result in shifts in the functionality and quality of soils by directly or indirectly changing the soil's physical, chemical, and biological properties as it changes available nutrient level and fertility (Luo and Han et al. 2015) . Microorganisms appear to be very sensitive to management practices such as mineral fertilizer and manure addition (Walsh and Rousk et al. 2012 ). However, study on the effects of different period of cultivation time (years) on soil microbial community is scarce.
In this work, we investigated the change in diversity of rhizosphere microbial community under different fertilization years in a saline-alkaline paddy soil (from 1, 3, 5, 15, 20 and 50 years) based on sequence variation of 16s rDNA using the Illumina MiSeq sequencing, mainly focusing on the effect of chemical fertilization and different cultivation time. The results will provide better insight on fertilization years and main factors of saline-alkaline paddy soil that influence soil microbial community, which can provide a theoretical basis to improve agricultural practices in Songnen Plain of China.
Materials and methods

Collection of soil sample and analysis of chemical properties
The sampling site of soil samples was located at Qianguo County, northeast of China (123°35′-125°19′E, 44°17′-45°28′N). It belongs to the temperate continental monsoon climate, with four clear seasons, where the average annual rainfall is 400-500 mm and the annual evaporation is more than 1200 mm. The soil is characterized as soda saline-alkaline soil, with D r a f t 5 pH above 8.5. The main agricultural crop of this region is rice.
The soil samples were collected on October 20, 2015 after the harvest period from six planted paddy fields that have been cultivated for 1, 3, 5, 15, 20, and 50 years. Three samples were collected from each of field. In order to collect the rhizosphere soil, the roots of crop with soil were collected in polyethylene bags, and then shaken vigorously by hands for 10 min until the non-adhering soil fallen off. All samples were conserved with ice and taken back to the laboratory. Aliquots of 5 to 10 g of soils were directly shock frozen in liquid nitrogen after sampling and stored at −80℃ until DNA extraction ). The rest of soil samples were conserved at 4℃ for analyzing the soil physicochemical properties after 2 weeks. Before analyzing, the soil samples were air dried and sieved using a 2 mm mesh.
The pH of soil samples was measured by a pH meter at the ratio of soil: water of 1:2.5.
The moisture content (MC) of soil samples was measured by the difference of quality between the primary samples and the oven-dried samples that was dried at 105℃ for 24h. Soil organic carbon content (SOC) was determined using wet digestion by the potassium dichromate method. Soil total nitrogen (TN) was measured by the Kjeldahl method (KDY-9820, Beijing, China) using digestion of H 2 SO 4 followed by steam distillation. Ammonium nitrogen (NH 4 + -N) and nitrate nitrogen (NO 3 --N) was measured by a continuous flow analyzer (Skalar San ++ , Netherlands). Soil microbial biomass carbon (MBC) was measured by fumigation with chloroform extraction. Water extract organic carbon (WEOC) was measured by the method of (Jones and Willett 2006) . Eight grams of dry-weight-equivalent fresh soil was extracted with 40 ml of 0.05 mol·L −1 K 2 SO 4 (soil/solution ratio 1:4) for 1 h. The extract was then passed through a 0.45-µm membrane filter and analyzed for WEOC using a Multi 3100 N/C TOC analyzer (Analytik and Jena, Germany). Available phosphorus (A-P) was measured by 0.5mol·L -1 NaHCO 3 method, and available potassium (A-K) by NH 4 OAC digestion flare photometer (Gupta, YadvinderSingh et al. 2007 The overlap paired reads from paired-end sequencing were spliced into a sequence using Pandaseq Software (Masella, Bartram et al. 2012) . Sequences with low quality (contain ambiguous base 'N'> 3, and average base quality score < 20) were removed. Finally, the length of the reads was ranged from 220 to 500 bp.
Statistical methods
In order to investigate the diversity of species community, the sequence reads were clustered into operational taxonomic units (OTUs).The long reads splicing of singletons (corresponding to reads of only one sequence) was used to filter out singletons, which may have caused by sequencing errors. Therefore, these parts of the sequence were not considered for the cluster analysis. By clustering sequence of chimeras, the classification of each OTU was carried out, so that the similarity of 0.97 was obtained. This was considered to represent a species (Edgar. 2013). We selected a sequence from the OTU, as representative of each OTU's sequence. These representative sequences were compared with 16s rDNA using the RDP method (RDP, http://rdp.cme.msu,edu), which produces a classification of species for each OTU (Wang, Garrity et al. 2007 , Cole, Wang et al. 2014 . In order to determine the effect of cultivation time on soil properties and microbial characteristics, statistical software (Rteam) was used to perform a one-Way analysis of variance. In QIIME, the sequences were subsampled to read prior to estimate relative taxon abundances and run diversity analyses.
Bacterial community diversity was measured using the Chao1 index, Goods-coverage index, Shannon diversity index and Simpson's diversity index (Kemp and Aller. 2004 
Results
Physical and chemical properties of rhizosphere soil
The physical and chemical properties of paddy rhizosphere soils were shown in Table 1 .
Characteristics of soil samples were changed considerably as cultivation time increases (Y<15).
However, when the cultivation time was more than 15 years, there was no significant difference in TN, NH 4 + -N, WEOC and A-K. The correlation analysis showed that pH of soil samples decreased obviously from 9.29 to 8.27. SOC, TN, NO 3 − -N, and MBC increased significantly with cultivation time, whereas other properties were not significantly correlated with cultivation time (Table S1 ).
Rhizosphere soil bacterial diversity
A total of 351,485 sequences were obtained from the 16S rDNA gene sequencing. Using
Usearch similarity leave of 0.97 by clustering the degree of clustering sequence, it was obtained 12,638 OTUs. The OTUs were clustered to calculate the diversity indices. The average Good's coverage for the bacterial data across 27 samples was 96% on average. Chao1, observed species, Shannon, Simpson, goods coverage and PD whole tree metrics were used to calculate alpha diversity (species diversity within the community) ( Table S2 ). The result showed that 1 year of cultivation had the lowest alpha diversity, and 5 year of cultivation had the highest alpha diversity. However, all of the alpha diversity were not significantly correlated with cultivation time (Table S3 ). Differet analysis showed that OTU richness in the cultivation timeless than 15 years (Y <15 ) was lower than that in the cultivation time more than 15 years (Y >15 ),
nevertheless the difference was not significant (P>0.05) (Fig.1 ).
2.3Rhizosphere bacterial community structure
Among the identified groups, Proteobacteria was the most dominant phylum (33.91%), followed by Bacteroidetes (21.70%). Firmicutes and Acidobacteria respectively accounted for 10 % of total (Fig.2) . The correlation analysis between cultivation time and main phylum microbial showed that Acidobacteria, Chloroflexi, Elusimicrobia, Chlorobi, SR1 and
Latescibacteria were positively correlated with cultivation time (Table 2 ).
UniFrac heat map and NMDS were used to calculate and analyze Beta diversity. The result from UniFrac heat map showed that all samples were clustered into two main groups; the sites of 1y, 3y, 5y and 15y were clustered into one clade, and 20y and 50y clustered into another clade. But, the sites of 1y, 3y, 5y were closer in distance than others ( (Table 4) . Of these, OM exhibited the highest correlation (r 2 = 0.9653) with community composition (Table 4 ). In addition, other factors such as pH, AP, and MC also showed a significant (P<0.05) correlation with bacterial community composition (Table 4) .
Correlation analysis was used to analyze the correlation between the soil properties and nutrient cycling microorganisms detected in soil samples (Table S4 ). The result revealed that acidophilus microorganism of Gp6, Gp16 and Gp4 were negatively correlated with soil pH, and positively correlated with MBC and AP. Moreover, Gp4 and Gp6 were significantly 
3.Discussion
Soil Properties
Planting rice is one of the best ways to improve the properties of saline-alkaline soils, which can also contribute to local economic benefits. Generally, soil properties will change with the increase in rice cultivation period, as shown in Table 1 . Moreover, as the cultivation period extends, organic fertilizers, rice stubbles and roots were accumulated under the action of organisms decomposing organic acids and humic acids under frequent waterlogged conditions (Bissett and Richardson et al. 2011, Roth. 2011) . Notably, acidic substances can neutralize soil alkalinity, causing remarkably decreased soil pH (Lanpo. 2012 notably increase with the extension of soil cultivation period. In contrast, soil WEOC was more subjected to human activities. Specifically, anthropogenic activities can greatly affect WEOC after 3 years of cultivation (Wang, Honghua et al. 2010) . TN content will be distinctly accumulated after paddy field was improved by saline-alkali soils (Wang. 2016). However, nitrogen accumulation and consumption in soils will reached a balance after 15 years of rice cultivation. The increased A-P may be resulted from the fact that flooding has strongly increased phosphorus (P) adsorption while P desorption decreased in paddy soils (Zhang. 2000) .
Rhizosphere soil bacterial diversity
Agricultural practices, such as tillage, fertilization, and machinery, that were used for crop (Table 4) . Soil microbial community diversity showed that there was no obvious change for the duration of cultivation. Nonetheless, the Shannon and Simpson indices have been notably changed with soil properties, which was similar to findings by Yu, Hu et al. (2015) . However, the cultivation period of less than 15 years (Y <15 ) was associated with lower OTU richness than that of over 15 years (Y >15 ). We considered that reclamation of saline land into paddy fields could be responsible for such phenomenon, which might lead to change in supply of O 2 in soil so as to alter microbial species and metabolism (Dun. 2015). Additionally, the microorganism adapted for the soil environment has been dominant after 15 years of cultivation.
Rhizosphere bacterial community structure
The soil microbial community structure refers to the abundances and relative proportions of major microorganisms in soil (Bissett and Richardson et al. 2011 ). In addition, the relative abundances of dominant bacterial phyla in the paddy soil have changed with cultivation period (Suleiman, Manoeli et al. 2013) . As shown in previous work, Chloroflexi, Actinobacteria, Acidobacteria, and Betaproteobacteria are the dominant microorganisms, which can be frequently found in paddy soils (Jiang, Liang et al. 2016) . However, in this study, Proteobacteria, Firmicutes, Acidobacteria and Bacteroidetes were among the dominant bacterial phyla (Fig.2) , which can be partly attributable to the difference of the selected soil in that the properties of saline-alkaline paddy soil are different from those of the typical paddy soil. Furthermore, soil properties have a distinct effect on soil microbial community (Peng and Lai et al. 2016) . Specifically, Proteobacteria has decreased according to the increase in cultivation period, whereas Acidobacteria has increased from 4.02% to 20.44%. Acidobacteria phylum includes Gp3, Gp6, Gp16, Gp4 and Gp7, the relative abundances of which have decreased in the following order: Gp6 > Gp16 > Gp3 > Gp4 > Gp7. Of them, Gp4, Gp6, and Gp16 were distinctly negatively correlated with pH while remarkably positively correlated with D r a f t 12 SOC, MC, MBC and A-P. In contrast, Gp3 and Gp7 were not apparently correlated with any measured soil properties, suggesting that the Acidobacteria phylum was affected not only by soil properties, but also by fertilization and tillage (Wang, Liu et al. 2016 ). Subsequently, the correlation of soil properties with microorganisms revealed the primary contributions of pH, MC, SOC and A-P (Fig.7) . These indices have changed markedly with the cultivation period. Wu, Li et al. (2015) found that Proteobacteria showed highly positive correlation with pH and Acidobacteria was evidently correlated with soil properties as well as cultivation years.
Therefore, Proteobacteria and Acidobacteria have changed notably with soil properties.
Moreover, the correlation of cultivation period with dominant microbial phyla showed that Acidobacteria, Chloroflexi, Elusimicrobia, Chlorobi, SR1 and Latescibacteria were all significantly positively correlated with cultivation period.
Soil microbial community structure is an important index to measure soil quality and maintain soil fertility (Yang and Zhang. 2015) . Moreover, microbial community has notably changed after 20 years of paddy cultivation (Chen, Li et al. 2015) . In this study, Beta diversity of soil microbial colonies across different cultivation periods using UniFrac heat map showed that all samples have clustered into two large groups, i.e. the sites of 1y, 3y, 5y and 15ywere clustered into one clade, while those of 20y and 50y clustered into the other clade. In addition, the bacterial colonies in rhizosphere soil bacterial community has changed conspicuously before and after the cultivation period of 15 years. Specifically, the soil microbial biomass in parental material has greatly increased during the long-term cultivation period, which also has positive impact on soil microorganisms. It is suggested that 15 years of cultivation can increase soil fertility as well as soil microbial biomass, richness and diversity, which have thus greatly changed the soil bacterial community structure (Sun. 2015). Paddy soil was associated with the processes of flooding and drainage, which produce an aerobic and anaerobic environment favorable for nitrogen-fixing organisms. Nitrogen-fixing microorganisms can not only enhance D r a f t 13 soil fertility, but also provide nitrogen for rice roots (Zhang, Liu et al. 2013) . It has shown that application of nitrogen and organic manure will affect the community structure of nitrogenfixing microorganisms (Tang, Yu et al. 2012) . Moreover, the abundance and diversity of nitrogen-fixing community have declined due to the application of nitrogen fertilizers (Tan, Hurek et al. 2003) . In comparison, straw use can improve the capacity for soil nitrogen fixation (Zhang, Liu et al. 2013) . was higher than that in Y >15 (P<0.05).
Greenhouse gas emission is a global topic, and CH 4 is the primary greenhouse gas that emits from paddy soil. Although saline-alkaline soil is one of the most potential soils, its CH 4 emitting issue is of vital importance. Some studies have shown that, with the extension of cultivation time, the increased organic carbon and substrate availability after prolonged use of paddy soils have enhanced the activity and population of methanogens. However, they have D r a f t 14 few effect on community composition (Ye, Doane et al. 2015) . In Songnen Plain, Methanosarcina was detected as the only methanogen, which was different from other soils.
In this study, soil pH played an important role in the presence of Methanosarcina genes, which is consistent with finding by Hu, Lin et al. (2008) . Soil pH has markedly decreased with the extension of cultivation time (Table 1) , and Methanosarcina was notably correlated with cultivation time (Table 3) . Moreover, we found that Methanosarcina was remarkably negatively correlated with SOC, TN, NO 3 − -N and A-P. Thus, it is manifest that improving saline-alkaline soil can decrease greenhouse gas emission. Abundance of Methanosarcinais subjected to human activities, and such influence will become stronger with the increase of cultivation time. However, pH and the number of Methanosarcina genes can be decreased in the improved saline-alkaline soil over years.
Conclusion
Characteristics of rhizosphere bacterial community structure and diversity in salinealkaline paddy soil in Songnen Plain of China across different cultivation years was first reported in this study. There was a great change in soil properties with the increase in cultivation time. Rhizosphere bacterial community species during the cultivation time of Y <15 has lower microbial richness than that of the cultivation time of Y >15 , and the lowest alpha diversity was detected in 3 years of cultivation. However, dominance of the most common species remains unchanged in the community. Soil microbial diversity was indirectly influenced by cultivation years, which can change the soil properties. Among microbial community, Proteobacteria was the most dominant phylum, followed by Bacteroidetes, Firmicutes and Acidobacteria. Notably, Proteobacteria has decreased with the increasing cultivation years, but Acidobacteria has increased. The soil bacterial communities can be clustered into two large groups, i.e. a group of the sites of 1y, 3y, 5y and 15y, and the other group of 20y and 50y. Additionally, pH, SOC, MC and A-P have a significant effect on 
